The US Great Recession resulted in an alarming number of home foreclosures that weakened the social and physical environment of thousands of neighborhoods. Few studies have evaluated whether these neighborhood changes were related to changes in individual behaviors. We examined the relationship between changes in neighborhood-level home foreclosure within a quarter-mile (0.4-km) buffer of the residence and changes in cigarette smoking and alcohol use among 3,807 adults enrolled in the Multi-Ethnic Study of Atherosclerosis during 2005-2012, using econometric individual-level fixed-effects models. Increases in neighborhood-level foreclosure were associated with small decreases in the number of cigarettes smoked per day (mean difference = −0.08, 95% confidence interval: −0.11, −0.04) and small increases in the number of alcoholic beverages consumed per week (mean difference = 0.11, 95% confidence interval: 0.05, 0.17). Neighborhood-level foreclosure may not uniformly influence high-risk behaviors. The impact of home foreclosure on adult drinking should be further explored, given its potentially negative implications for health. alcohol use; cigarette smoking; econometric fixed-effects models; foreclosure; neighborhood; residence characteristics; socioeconomic status Abbreviation: IQR, interquartile range; MESA, Multi-Ethnic Study of Atherosclerosis; SD, standard deviation.
Home foreclosure is a disruptive process that compromises housing stability, displaces individuals, and alienates people from their community networks and relationships. In 2008, the United States experienced a sharp economic decline that resulted in 2.3 million home foreclosures, representing an almost 2-fold increase in foreclosures from 2007 and more than a 4-fold increase from 2006 (1) . Concentrated levels of foreclosure may have negative consequences for the broader neighborhood environment and may affect residents even if they do not individually experience a foreclosure.
There are several mechanisms by which home foreclosures may affect surrounding neighbors. First, foreclosures can affect the neighborhood landscape by increasing the physical deterioration of houses, including poor upkeep of lawns and sidewalks (2) . This process can result from disinvestment by homeowners who can no longer afford property upkeep or can be secondary to housing vacancy, due to formal or voluntary eviction (3) . Furthermore, foreclosures may erode the value of surrounding properties. Economists researching the negative externalities of home foreclosure have shown that the property values of nearby homes decrease by approximately 1% for each additional foreclosure (4) . Interestingly, this decline in property values can occur early in the foreclosure process when a nearby home's mortgage goes into default, before official foreclosure proceedings have commenced or residents have been evicted (4) . Taken together, these processes may result in decline in both physical and social neighborhood environments, which may in turn affect residents' behaviors, stress levels, and overall health status (4) .
Indeed, public health research has linked neighborhood decline to adverse health behaviors, including cigarette smoking (5) and alcohol use (6) . These behavior changes may be due to individual stress associated with neighborhood physical decline and its detrimental effects on personal finances and property values, even among those not personally experiencing foreclosure (7) .
Despite the potential salience of neighborhood-level foreclosure as an important social determinant of health, the influence of neighborhood foreclosure on smoking and alcohol drinking has not been extensively examined (7) . In a recent cross-sectional analysis, Charters et al. (8) found that metropolitan-area mortgage delinquency was linked to less heavy drinking but more smoking. Interestingly, the association with increased smoking was more pronounced among persons with a high school education or less (8) . Individual-level studies found no links between housing instability or home foreclosure and harmful drinking (9) or alcohol and substance use (10) . However, several studies have demonstrated an association between financial strain and smoking and drinking, suggesting a mechanism through which neighborhood foreclosures could affect substance-use behaviors (11, 12) . Neighborhood foreclosures have been linked to stressrelated health outcomes in several studies, including increased emergency room visits and hospitalizations for respiratory infections, mental health, and heart-related problems (13) , increased depressive symptoms in older adults (14) , and mixed results regarding diabetes-related outcomes (15, 16) and systolic blood pressure (15, 17, 18) . However, longitudinal evidence on the relationship between changes in foreclosure and changes in behaviors remains scant.
We used data from a longitudinal, population-based cohort study of adults to examine the relationship between changes in neighborhood-level foreclosure within a quarter-mile (0.4-km) buffer of an individual's residence and changes in individual cigarette smoking and alcohol use over time. We hypothesized that persons living in neighborhoods with increases in foreclosure would show increases in cigarette smoking and alcohol use over time. We also hypothesized that these associations would be stronger in persons with less education because these individuals may experience more stress related to foreclosures, since they have comparatively more to lose if their neighborhood deteriorates (e.g., less residential mobility, fewer structural supports for coping).
METHODS

Study population and analytical sample
The Multi-Ethnic Study of Atherosclerosis (MESA) is a longitudinal study of cardiovascular disease among adults aged 45-84 years in 6 US locations (Forsyth County, North Carolina; New York, New York; Baltimore, Maryland; St. Paul, Minnesota; Chicago, Illinois; and Los Angeles, California). Persons with a history of clinical cardiovascular disease were excluded. The investigators recruited 6,814 participants at baseline. Baseline assessments were conducted from 2000 to 2002, with 4 follow-up examinations held among noninstitutionalized participants (19) . Since the peak of the foreclosure crisis is estimated to have occurred from late 2008 through 2009, we used MESA data from examinations 4 (September 2005-May 2007) and 5 (April 2010 -February 2012 to examine whether changes in neighborhood foreclosure between these examinations were associated with individual changes in smoking or drinking. All participant addresses were geocoded using TeleAtlas EZ-Locate Web-based geocoding software (TeleAtlas, Lebanon, New Hampshire) (20) . The MESA protocol was approved by the institutional review boards at each site, and all participants gave written informed consent.
This analysis was restricted to persons who participated in the MESA Neighborhood Ancillary Study (n = 6,191), completed examinations 4 and 5 (n = 4,567), had data available for at least 1 of the outcomes of interest, and had data for all neighborhood foreclosure measures and covariates at both examinations (n = 3,807). A description of MESA participants who were excluded from this analysis is provided in Web Table 1 (available at https://academic.oup.com/aje). Participants included in and excluded from this analysis were similar with respect to sex, neighborhood poverty, neighborhood unemployment, cigarette smoking, and alcohol use. Excluded participants were more likely than those included to be older, to be white, to reside in Los Angeles, to earn less than $25,000 annually, to have less than a high school education, and to be unemployed.
Dependent variables
Cigarette smoking and alcohol use were self-reported and assessed via questionnaire at each examination. Participants were asked whether they had smoked cigarettes within the last 30 days; those who had smoked were also asked to report the average number of cigarettes smoked per day. Nonsmokers were coded as having smoked zero cigarettes. Participants were asked whether they currently consumed alcoholic beverages. For those who reported any alcohol drinking, the numbers of servings of red and white wine, beer, and liquor or mixed drinks per week were obtained and then summed to calculate the total number of alcoholic drinks consumed per week. Those who reported no alcohol drinking were coded as consuming zero drinks per week. Numbers of cigarettes smoked and alcoholic beverages consumed were modeled continuously. We attempted to examine initiation and cessation of smoking and alcohol use; however, there were too few participants who initiated or stopped smoking and drinking to assess these outcomes.
Independent variable
Data on all home foreclosures occurring in the United States between 2005 and 2012 were obtained from RealtyTrac's national foreclosure database (RealtyTrac, Irvine, California). RealtyTrac collects data from more than 2,200 counties, covering more than 90% of US households (21) . Consistent with other studies and based on our conceptual understanding of the plausible impact of mortgage delinquencies on a neighborhood, foreclosures were defined as the number of residential properties with mortgages in default that had been issued a Notice of Trustee's Sale or Notice of Foreclosure Sale (13) . A Notice of Trustee's Sale or Notice of Foreclosure Sale indicates the upcoming auction of a property with a delinquent mortgage. Since multiple filings for the same foreclosure event are possible, properties with multiple filings within 1 year were counted as a single occurrence of foreclosure. The number of foreclosures within a quarter-mile (0.4-km) Euclidean buffer surrounding each participant's home was calculated for each year using ESRI ArcGIS 10.1 (ESRI, Redlands, California) (22) . Quarter-mile buffers were employed because previous studies have shown a relationship between proximate experiences of foreclosure and health (17) . The time-varying exposure variable was defined as the number of foreclosures occurring during the year prior to each individual participant's dates of examination 4 and examination 5.
Covariates Time-invariant covariates on which information was obtained (via interviewer-administered questionnaires) at examination 4 included age (years; continuous), race/ethnicity (Hispanic, nonHispanic white, non-Hispanic Chinese, or non-Hispanic black), sex (female, male), and education (less than a high school education, high school or General Educational Development diploma, 2-year college degree or some college, or bachelor's degree or higher). We also created an indicator of whether the participant moved between examinations 4 and 5 for stratified analyses. Time-varying measures of income and working status were obtained at both examinations via interviewer-administered questionnaires. Combined annual family income was selected from 14 categories and collapsed into categories of less than $25,000, $25,000-$39,999, $40,000-$74,999, and $75,000 or more. 
Analytical plan
In descriptive analyses, we contrasted participant characteristics and outcomes both overall and by tertiles of change in foreclosures between the 2 study visits. Tests of differences by tertile were performed using unadjusted analysis of variance for continuous measures and χ 2 tests for categorical variables. To assess the relationship between changes in neighborhood foreclosure and individual changes in cigarette smoking and alcohol use over time, we used econometric fixed-effects models in SAS, version 9.3 (PROC GLM procedure; SAS Institute, Inc., Cary, North Carolina) with absorption (23, 24) . Econometric fixed-effects models estimate associations based only on within-person variability and therefore tightly control for both measured and unmeasured timeinvariant confounders (25) . This is a promising approach in neighborhood research, as time-invariant factors that may drive selfselection into particular neighborhoods are controlled by design, and one can control for time-varying factors (i.e., income, neighborhood unemployment) by including them in the model (25) . However, because this remained an observational study, the possibility of residual confounding by time-varying confounders cannot be categorically ruled out. Foreclosure measures were scaled in order to estimate the mean difference in each outcome associated with a 1-standard-deviation increase in foreclosure.
Confounders were identified a priori based on our conceptual model and were included stepwise in the models. Model 1 adjusted for duration of time (years) between visits, individuallevel time-varying covariates (income, working status, moving status), and the interaction of time-invariant covariates with time (age at examination 4, sex, race/ethnicity, education), to adjust for confounding of differential trends over time by levels of time-invariant covariates. Model 2 additionally adjusted for time-varying neighborhood-level covariates (percent poverty and percent unemployment). Since changes in foreclosure could be attributed to relocation between visits and residential mobility itself could affect the outcomes, we stratified the analysis according to whether participants moved or did not move between examinations 4 and 5. Two-way interactions of neighborhood-level foreclosure with individual-level education (Web Table 2 ), home ownership, and neighborhood-level percentage of home occupancy were also assessed. All covariate values were meancentered for ease of interpretation.
We performed several sensitivity analyses to test the robustness of the models. First, to avoid exposure misspecification, we repeated the analysis using the peak exposure between examinations 4 and 5 as the examination 5 exposure, rather than the number of foreclosures during the year before examination 5, adjusting for the time between the foreclosure peak and examination 5 (Web Table 3 ). We also examined a period of 6 months prior to the examination period (Web Table 4 ). We repeated the analyses using a 1-mile (1.6-km) buffer as the relevant spatial scale (Web Table 5 ). To ensure that the tail ends of the distribution were not driving the association, we also reexamined the data after excluding participants with extreme values for neighborhood foreclosure (Web Table 6 ). Since the spatial context and scales varied across study sites, we performed analyses stratified by study site and found no differences in the direction of the relationship; we therefore chose to present the aggregated results. We also adjusted for time-varying population density and for site and found no differences in the results. Statistical analyses were conducted using SAS 9.3 (26). Table 1 shows the overall characteristics of the population at examination 4. The mean age was 65 years, and 53% of the sample was female. Over one-third of the sample was white and had a bachelor's degree or higher. Approximately half of the sample was currently employed. A little over one-quarter of the sample earned less than $25,000 per year, and about half made $40,000 or more per year. Slightly less than 15% of the sample moved between examinations 4 and 5, and the average duration of time between follow-up visits was 4.6 years. Regarding neighborhood characteristics at examination 4, the average percentage of neighborhood poverty was 15.6%, and neighborhood unemployment was 8.3%. There was a median of 0 (interquartile range (IQR), 0-1) foreclosures at examination 4 and a median increase of about 2 (IQR, 0-5) foreclosures between examinations 4 and 5. Approximately 94% of the total variance in neighborhood foreclosures across examinations 4 and 5 was within persons (mean change = 3.5 standard deviation (SD) units; SD, 5.6). Table 1 also shows participant characteristics according to tertiles of change in foreclosures between examinations. There were small differences in the racial/ethnic distributions across categories of foreclosure change. As expected, persons with lower income were overrepresented in the highest tertile of foreclosure increase. Greater increases in neighborhood foreclosure were observed in St. Paul, Minnesota, and Chicago, Illinois, and lower increases were observed in New York, New York, and Forsyth County, North Carolina. Neighborhood percentage of poverty and unemployment at examination 4 were higher for participants residing in neighborhoods with higher increases in foreclosure than for participants residing in neighborhoods with lower increases. Table 2 shows the descriptive characteristics for each outcome at examinations 4 and 5 and by tertiles of the average change in foreclosures within a quarter-mile (0.4-km) buffer between the two examinations. Approximately 9% of the overall sample smoked at examination 4; 6.2% smoked at both examination 4 and examination 5, 2.7% quit smoking between examinations, and 0.7% started smoking. On average, participants reported smoking about 1.1 cigarettes daily at examination 4, which declined to 0.8 cigarettes per day at examination 5 (P = 0.006). Almost 36% of the sample consumed alcohol at examination 4; 27.1% drank at both examination 4 and examination 5, 8.4% quit drinking between examinations, and 5.3% initiated drinking by examination 5. The mean number of alcoholic drinks consumed weekly was 2.7, which remained constant between examinations 4 and 5 (P = 0.97). Of the total variance in cigarette smoking and alcohol use across the two examinations, 35% and 45%, respectively, was within-person. The mean within-person change was −0.3 cigarettes/day (SD, 3.4; IQR, −6 to 0) for cigarette smoking and −0.01 drinks/week (SD, 5.4; IQR, −3 to 2) for alcohol drinking.
RESULTS
Adjusted associations between change in neighborhood-level foreclosure and change in cigarette smoking and alcohol use over time are presented in Table 3 . After adjustment for timevarying characteristics and the amount of time (years) each participant contributed to the study, within-person increases in exposure to neighborhood foreclosures were associated with withinperson decreases in the number of cigarettes smoked daily; the mean difference in the daily number of cigarettes smoked in the fully adjusted model was −0.08 per 1-standard-deviation increase in foreclosure (95% confidence interval: −0.11, −0.04). Every 1-standard-deviation increase in neighborhood-level foreclosures was associated with a small increase in the total number of drinks consumed per week in the fully adjusted model (mean difference = 0.11 drinks/week; 95% confidence interval: 0.05, 0.17). In the analysis stratified by moving status (Table 4) , the directionality was similar in movers and nonmovers, although associations were stronger and statistically significant only in nonmovers. However, the small sample size for movers limited our ability to investigate effect modification.
Although there was statistical evidence of effect modification by education for smoking, the pattern was nonlinear across education strata (Web Table 2 ). We observed no statistically significant interactions of neighborhood-level foreclosure with neighborhood percentage of home occupancy or individual-level home ownership.
Analyses using the peak of foreclosure between examinations 4 and 5 in lieu of the examination 5 foreclosure value yielded slightly attenuated results (Web Table 3 ). Similarly, analyses using foreclosures in the past 6 months also showed slightly attenuated results (Web Table 4 ). The use of larger, 1-mile (1.6-km) buffers also yielded similar results (Web Table 5 ). When outliers were excluded, the relationship between neighborhood foreclosure and smoking was halved, but the relationship between neighborhood foreclosure and drinking increased (Web Table 6 ).
DISCUSSION
This study used fixed-effects models to examine the association between within-person change in neighborhood-level Table 2 . foreclosure and within-person changes in cigarette smoking and alcohol use over time. Contrary to our hypothesis, we found that increases in neighborhood-level foreclosure were related to decreases in the average number of cigarettes smoked, but this was largely driven by participants whose neighborhood foreclosure values were outliers. In alignment with our hypothesis, increases in neighborhood-level foreclosure were related to increases in the number of alcoholic beverages consumed per week over time. In general, the magnitude of associations was small: A reduction of 0.08 cigarettes smoked per day and an increase of 0.11 drinks consumed per week for each 1-standard-deviation (1.88-unit) increase in neighborhood foreclosure was observed. To put this in perspective, the mean observed change in foreclosures between examinations was 3.48 units (SD, 5.6; IQR, 0-5). This means that persons experiencing a change in foreclosures equivalent to the 75th percentile would have, on average, a reduction of 0.20 cigarettes smoked per day and an increase of 0.29 alcoholic drinks consumed per week.
Charters et al. (8) found that mortgage delinquency was related to more regular smoking among blacks and persons of other racial/ethnic groups but insignificant for whites and Latinos, and in the full sample mortgage delinquency was related to less occasional smoking. In an individual-level study of financial strain among older adults, Shaw et al. (12) reported that greater financial strain was associated with more smoking, with stronger associations at younger ages. In contrast, investigations of broader economic downturns have shown that these downturns are significantly related to declines in smoking, potentially because economic downturns provide people with more time to invest in healthier lifestyles (12, 27, 28) . However, the mechanisms linking smoking to macro-level economic downturns may be different from those linking smoking to small-area variations in foreclosure. Additional research is needed to verify these associations and understand their mechanisms.
We found that increases in neighborhood foreclosures were associated with increases in alcohol drinking (12, 18, 23) . Arcaya (12) and binge drinking (23) . There was also evidence of increased binge drinking during the Great Recession (24). However, Charters et al. (8) found that mortgage delinquencies were related to decreases in alcohol consumption. Contrary to expectation, we found no evidence that associations of increases in foreclosure with increases in drinking were stronger in lower educational groups. This may indicate that persons with less education are not more sensitive to the stress associated with neighborhood foreclosures, though it may also reflect decreased statistical power to detect effect modification, given our limited sample.
Our work has important advantages, including the use of individual-level longitudinal data rather than ecological (13) and time series (8) data, and the use of fixed-effects models, which tightly control for time-invariant confounders. However, these analyses were still subject to important limitations, including confounding by unmeasured or misspecified time-varying confounders. We attempted to control for all hypothesized measured confounders (e.g., new disease diagnoses), and the results remained the same. We employed fixed-effects models, but they could not rule out possible associations resulting from selection of persons with a propensity to consume alcohol into neighborhoods with more foreclosures (via moving). However, this explanation was less likely in our study, because our analyses showed that associations were actually stronger in nonmovers. Because these analyses related changes in neighborhood-level foreclosure to simultaneous co-occurring changes in the outcomes, they assumed a short lag period. This type of lag may be unrealistic if foreclosure activity does not immediately influence the neighborhood.
Since fixed-effects models rely exclusively on within-person variability, our ability to detect an association was probably hindered by limited within-person variability in outcomes. In addition, since initiation of smoking and alcohol drinking among older adults is rare (29) , this analysis relied primarily on a relatively small sample of people who stopped smoking or drinking or who experienced small changes in the number of cigarettes smoked and the number of drinks consumed.
Loss to follow-up may have also biased the results. To assess this, we compared persons who were lost to follow-up with those included in our analytical sample for each outcome and found no indication of significant differences (Web Table 1 ). Loss to follow-up due to an individual experience of foreclosure may have also influenced the results if, for example, persons who left the study were more likely to initiate or increase smoking. Individual experiences of foreclosure were not assessed in MESA and should be further explored.
Misclassification of self-reported smoking and drinking outcomes could also have affected the results. The measure used to assess neighborhood-level foreclosure was operationalized as the change in the absolute, rather than proportional, number of foreclosures based on the mechanisms we hypothesized to influence behavior (i.e., it matters more that foreclosures are present rather than the proportion of housing units that are in foreclosure). Finally, the external validity of these findings may be limited, as our sample consisted of primarily older, financially stable adults, who may be more or less vulnerable to changes in neighborhood conditions and whose health behaviors may be less volatile than those of younger, less financially stable adults.
Neighborhood-level foreclosure is a potentially modifiable event that signals an important decline in the neighborhood. This study revealed that increases in neighborhood-level foreclosure are related to small decreases in cigarette smoking and small increases in alcohol consumption. Additional longitudinal studies with greater within-person variability in outcomes and exposures, longer follow-up times, and assessment of personal experiences of foreclosure and relevant mediators would be helpful to further understand whether neighborhood foreclosures meaningfully affect health behaviors such as smoking and alcohol use.
